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II. INTRODUCTION 
The ~-lactone nimer formed from the reaction of acid 
halides with tertiary amines has been shown to be an important 
economic product used to soften and waterproof fabricsl and 
in the case of fatty acid halides, as an adjuvant for 
paper or paperboard in contact with food. 2 The advantage of 
sizing paper with alkyl ketene dimers is that they resist 
the corrponent of perspiration, namely lactic acid, responsible 
for interferin~ with paper sizing better than the rosin-
sized papers.3 When this method of dimeriz~tion was patented 
in 1945 by John Carl Sauer, the structure of the dimer was 
as~umed an acyclic ketoethenone,4 but latef the structure of 
the dimer formed by this method was sho~m to be a cyclic one, 
the ~-lactone, , by infrared spectroscopy.5 Si~ce that time, 
the work done by Farnum and Hess et al, 6 has resulted in 
several hypotheses, one of which was the subject of this 
research. 
The in situ preparation of ~-lactone dimers and cyclo-
butenone trimers of alkyl substituted aldoketenes by dehydro-
halogenation of acid chlorides (1) with triethylamine in 
methylene chloride has been shown to yield the dimer (3) 
as major product in cases where R = CH3, CH2CH3.6 This is 
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in contrast to the case where aldoketenes are spontaneously 
polymerized and the major product formed is the trimer (4) 
or.the non-acylated 3-hydroxycyi::lobutenone dimer in the case 
of R = CH3.5 The mechanism suggested for the dimerization 
in the ?resence of a catalyst (triethylamine or its hydro-
chloride in this case ) is a concerted cycHzation with a 
skewed transition statt'! (.5) to which the catalyst adds 
additional stability , making the ]-lactone dimer the preferred 
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the 0 - C - 0 bonds in the transition state, thus allowin~ 
the C - C bond time to form by maintainin~ the proper 
molecular orientation, In contrast, fi~ure (7) shows 
hindered rotation of the R groups in the transition state 
if the ketenes are not skewed during dimerization, 
R'- c = c= o 
R/ R~ ... ~4 
·~c- c = o 
R~ 
(?) 
In cases where both R and R1 = alkyl and/or aryl (ketoketenes~ 
th~· steric hindrance in the transition state requires a 
stronger ~atalyst, such as the Lewis acids mentioned 
previousl~ to overcome the crowding, Where R : alkyl or 
arvl and R' = H (aldoketenes), the triethylamine or its 
hydrocJ;iloride present has sufficient catalytic effect to 
make the <'limer the preferred product, Bowever, where R is 
a bulky group, such as !-butyl or isopropyl, the cases 
studien here, it is predicted that the dimer will be less 
preferred than if R!!r: less bilky group. due to insufficient 
catalytic effect with the triethylamine or its hydro-
chloride to ovPrcome the crowded transition ~tate, More 
trimer shouJd be formed because Courtwald moJecular models 
show that the transition state leading to the trimer (6) 
(vja the 1-hydroxycyclobutanedione dimer) is ~Platively 
free of steric interference from the R or R' substituents,5 
.5 
Work done by Farnum and Hess et, al, 6 and Enk and Spes.5 - -
shows that at higher temperatures and in solvents in which 
triethylamine or its hydrochloride are less soluble, the 
trimer is formed in higher yields as it is in the spon-
taneous polymerization. Thus it is hypothesized that bulky 
sul:J:ltituent groups will result in higher trimer/dimer 
ratios because of the additional steric problems in the 
already skewed transition state leading to the formation 
of the dimer. 
To support this hypothesis, isovaleryl chloride and 
!-butyl acetyl chloride were chosen as reactants to examine 
th~ proportions of dimer (3) and trimer (4) formed where 
R = isopropyl or !-butyl, Using these R groups as examples 
of bulky f!'roups, it is predicted that the trimer will be 
formed in higher yields than·m the case where R : methyl , 
Product yields were calculated by inte~ration of nmr 
spectral absorptions and by comparing yields of the isolated 
products, In addition , to show that the products formed 
are both formed from the ketene and that the reaction to 
form the ketene goes essentially to completion, the triethyl-
amine hydrochloride formed was isolated and wei~hed, 
6 
III, SYNTHESIS 
Two attempts were made to cut costs by preparin~ the 
acid chlorides (2) necessary for formation of the ketene 
dimers and trimers from the corresponding carboxylic acids (1), 




I + SOCl2 yH - CH2 - c - Cl CH2 - COOH CH3 
(1) (2) 
The preparation combines l.O parts acid to 1.2.5 parts thionyl 
chloride under reflux conditions for one to two hours, 7 
The solvent and product were separated by distillation under 
aspiration. 
The conditions for making phenylacetic acid chlorides 
(4, for example) is different than for other carboxylic 
acids due to the reactive o<..- hydrogen which allows side 
reactions, probably condensations, to compete with acid 
0 
cH 3 -@'- t oH + soc12 --> 
(J) (4) 
7 
chloride formation. 8 
Although a preparation and physical properties were 
found for unsubstituted phenylacetyl chloride,8 
physical properties for ~-tolyl acetyl chloride could hot be 
found in Beilstein, Lange ' s Handbook of Chemistry, Heilbron ' s 
Dictionary of Organic Compounds, or the CRC Handbook of 
Chemistry and Physics. The method used was 3 parts thionyl 
chloride to 1 part acid and relux for three hours, as 
found in the experimental record of c. Labaw,9 
The six reactions involving formation of the dimers and 
trimers of isopropyl and !-butyl ketene were carried out 
0 
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under identical conditions so that product yields could be 
directly compared. The preparation6 entailed th~ combin-
ation of equimolar amounts of triethylamine and acid 
chloride (5). The triethylamine was added to the refluxing 
reaction mixture of acid chloride and methylene chloride 
(200 ml per mole of acid chloride) at the rate of 1 drop per 
second, After addition of the amine was complete, the reaction 
was refluxed an additional 6 hours, after which the solid 
triethylamine hydrochloride was removed by suction filtration, 
The filtrate was distilled at reduced pressure (aspiration) 
for solvent removal, and the reaction products (6 & 7) 
then purified via vacuum distillation, 
9 
IV. EXPERIMENTAL 
Isovaleryl chloride. In a 1-liter round bottomed flask 
equipped with a re~lux condenser topped by a CaC12 drying 
tube, 135 ml of thionyl chloride (1.875 mole~, 22l.8 g) 
were added to 164 ml of isovaleric acid (1.504 moles, 153.7 g) . 
The addition of thionyl chloride was accomplished over a 
period of twenty minutes, In the initial sta~es of the reaction, 
the flask began to cool so a heating jacket and mechanical 
stirrer were used to encourage relux. After one hour of 
heat-applied reflux, the reaction mixture was cooled and the 
thionyl chloride was distilled off at 54°c under aspiration. 
Because the amount of thionyl chloride collected was greater 
than fifty ml (which was much greater than the molar 
excess allowed), the distilled thionyl chloride was readded 
and the reaction mixture was refluxed an additional two hours 
and forty-five minutes, After removal of a lesser volume of 
thionyl chloride at atmospheric pressure, three fractions 
were collected by distillation at atmospheric pressure. 
Fraction #1 distilled at 110Qc; the,second fraction was 
collected between 112 and 116°c; and fraction #3 distilled 
at 117-1190C. Although fraction #3 was dropp~d in the ice 
bath, it was recovered successfully. The reported boiling 
point of isovaleryl chloride is 114.5-115.5°C (771 mm).lO 
10 
p-Tolyl acetyl chloride was prepared in a similar manner 
although using much smaller proportions. Total reflux time 
for the reaction was three hours and fifteen minutes. The 
reaction mixture was distilled under aspiration, producing 
fraction #1 (52-58°C), consisting of thionyl chlorj.de. 
Attempts to distill after the thionyl chlorine was removed 
yielded only a yellow solid, which was not the liquid 
product expected. Infrared spectra were taken of the distillate 
and the solid that condensed in the distillation' apparatus, but time 
did not permit subsequent purification and identification of 
the compounds actual ly formed in this reaction. 
First preparation of the R-lactone dimer_and cyclobutenone 
trimer of isopropyl ketene. In a 1-liter, 3-necked , round 
bottom flask with Friedrich condenser and CacJ 2 drying tube, 
and a motor driven centrifugal stirrer with a polyethylene 
paddle, isovaleryl chloride (62.5 g , 0.518 moles) and 
100 ml methylene chloride were warmed to encourage reflux, 
From a 50 ml, pressure-equalized dropping funnel, triethyl-
amine (52.8 P:, 0.518 moles) was added dropw1se over one 
and a half hours time. When formation of the solid triethyl-
am1ne hydrochloride blocked passageways, ml"thylene chloride 
was used to rinse, After addition of the triethylamine 
was complete, the dropping funnel was replAcea with a stopper 
and the mixture was refluxed an additional 6 hours. After 
cooling the react1on mixture, the triethylamine hydrochloride 
was suction filtered using a Buchner fun.nel, The solvent 
11 
was then removed by distillation under aspiration, The 
triethylamine hydrochloride which precipitated after solvent 
removal was again filtered off, The rest of the reaction 
mixture was vacuum distilled, The first half yielded three 
fractions, Fracti~n #1 was about 10 ml of a slightly yellow 
liquid (60-63°c, 1,45-1.75 mm); fraction #2 was 3-4 ml of a 
yellow oil (70-1J4°c, 1,45 mm); and fraction #3 was about l ml 
neat 
of an orange oil (130-134°c, 1.3-1.45 mm), ,A max 5.72, 5.9, 
and 6,2 ).l . The other half of the rection mixture was sub-
jected to vacuum distillation and three fractions were 
collected, i''raction #1 was 8-10 ml of a slightly yellow 
liquid (51-57°C, 0.7-0.89 mm); fraction #2 was 4 ml of a 
yellow oil (93-95°C, 1,00-1,02 mm) with some solid triethyl-
amine hydrochloride remaining in it; and fraction #3 was 
1-2 ml of a brownish, orange oil (llO-l23°c, 0,82-0,6 mm), 
t'Bt 5. 7, 5. 86 and 6. 2 J4!. Remaining in the distilling flask 
after each half of the reaction mixture was vacuum distilled 
was 3-h m1 ()f hrown solid, No attempt was made at quanti-
tative measurements of the products or the triethylamine 
hydrochloride at this point as the goal was to isolate the 
pure products. 
The second preparation of isopropyl ketene trimer and 
dimer differed from the first prep only in reflu.x time of 
5.5 hours, rather than 6 hours. Durin~ vacuum distillation 
3 fractions were collected from each half of the reaction 
12 
mixture. First half: Fraction #1 consisted of approximately 
5 ml of a yellow liquid (56.5-61°c, 1.0-1,5 mm); fraction #2 
was J ml of yellow oil (65-75°C, 1.0-1.4 mm); and fraction#) 
consisted of 2 ml of orange oil (121-142°C, 2,0-2,l mm), 
.A ~:~t 5.71, 5,88 and 6 .1 )\ . Second half: Fraction #1 
was 8 ml of a light yellow liquid (51-67°c, 0,425-0.375 mm); 
fraction #2 consisted of J ml of a yellow Qil (97-lOJ°C, 0.35-0.4 mm); 
fraction #3 was l ml of a brownish orange oil ( 1J0-154°c, 
1 . 4-1.8 mm), A~~~t 5. 72, 5.88 and 6.0.5 A (see IR spectrum #1 
of spectragraph section). An attempt was made to purify the 
lactone by combining the four first fractions of the first 
and second reactions of isopropyl ketene and redistillinv, 
them under a vacuum. This produced three fractions: 
!'raction #1 was 8 ml or an almost colorless, though slightly 
yellow, clear liquid (47-48°c, 0.38-0.78 mm); fraction #2 
was 10 ml of clear, nearly colorless liquid (43.5-46oc, 
0,20-0,)7 mm); and fraction #3 was 2 ml of a liquid of similar 
physical appearance (48°C, 0,)2 mm). Ljterature reports the 
bp~12 of the ~-lactone dimer as 108-llo0 c (J.5mm) and a 
11 refractive index of 1,4343 @ 25°c. The infrared spectra 
\neat of these fractions were all very similar, with /max .5.Jl, 
.5.4, .5 • .51, .5.71 and 5.81A (see IR spectrum #2 of spectragraph 
section for spectrum of second fraction), The refractive 
indices were 1.4316, 1.4327 and 1,4269@ 27°c of the first, 
second and third fractions,respectively. The infrared absorp-
tions of the third fractions of these two preparations of 
isopropyl ketene trimer and dimer were generally not well 
13 
defined, but shows absorptions comparable to those reported 
0~t 5 for the methyl ketene trimer / max 5.73, 5.81 and 6,00 }\· 
Infrared absorptions reported for the hexadecyl ketene dimer 
~neat 13 . are t max 5.33 and 5,80 ){. Reported infrared absorptions 
n~t 6 
of the methyl ketene dimer are Amax 5.56, 5.64 and 6.0 J.\; 
The first preparation of t-butyl ketene dimer and trimer 
differed from the first and second preparations of isopropyl 
ketene only in the fact that the triethylamine was added in 
45 minutes, although the rate of addition was the same, Five 
fractions of the crude reaction mixture were collected by 1 
vacuum distillation, Fraction #1 was of miniscule volume 
(0.3 g) and was largely a result of bumping, Fraction #2 
(l\.27= 1,4421) was 9.9 g, of a pale yellow liquid (62-68°c, 
0 . 98 mm) with nmr spectrum (see nmr spectrum #1 of spectra-
graph section) showing 'J'" 5.35 (weakly coupled doublet, 
J: 1.5 Hz,, area= 1,0), 6,30 (weakly coupled doublet, J=l.5 Hz,, 
area 1,07), 8,87 (singlet, area 10,9) and 8.96 (singlet, area 10.5):~ 
Fraction #J was 0.9 g, of a clear colorless liquid, 
Fractions #2 and #3 had identical infrared spectra with 
~neat /\max 5 . 41 , 5. 53, 5 . 72, and 5.85 )-i (see IR spectrum #3 of 
spectra~raph section) . Fraction #4 (l\..27: 1 . 470) was 6,2 g 
of a light yellow liquid (114-119°c, o,88 mm) which solidified 
upon refrigeration. The nmr spectrum showed L 6,39 (singlet, 
area 1,0), 7.59 (sin~let, area 1,8), 8.83 (sin~let, area 9.9), 
8 , 91 (singlet, area 9 . 2) and 9.08 (singlet, area 8.2). 
14 
Absorptions corresponding to the dimer and representirtg 
16.5% dimer contamination were present in this spectrum. 
The infrared spectrum showed ;J.i~~t 5.69 (shoulders at 5.6 
and 5.8), and 6.05)\(see nmr spectrum #2 and IR spectrum #4 
in speo~agraph section). Fraction #5 ('V\_27: 1.4911) was 
o ~neat 1.1 g of a yellow liquid (114 c, 0.70 mm) with /max 5.65, 
5.70 (shoulder at 5.79) and 6.08,(,\· Total yield of dimer/trimer 
product rrom vacuum distillation was 18.4 g or 51.8% of 
weight of ketene formed assuming 100~ conversion to ketene. 
The weight of triethylamine hydrochloride was not determined 
for this reaction. 
· The second preparation of t-butyl ketene dimer and trimer 
had a triethylamine addition time of 11/6 hours. During the 
second filtration to remove the solid triethylamine hydro-
chloride, the reaction mixture became contaminated with 
water,, due to a sudden influx of water into the filterin~ 
flask. The water was separated from the reaction mixture by 
means of a separatory funnel and the organic layer was dried 
over magnesium sulfate for two days in the refrigerator. 
Surprisingly, when the reaction mixture was vacuum distilled, 
two fractions were collected. Fraction #1 consisted of 8 ml 
of a cloudy but colorless liquid (71-74°c, 1.9-2.3 mm), with 
infrared spectrum identical to the spectrum of the dimer from 
the first reaction. Fraction #2 bumped over uncontrollably, 
and due to the small amount of material remaining, the 
1.5 
distillation was stopped. Weight of the amine hydrochloride 
was .53.1 g after drying , or 104% of the theoretical yield, 
Enou~h of the uncontaminated (dry) reaction mixture was 
obtained to yield an nmr spectrum. By comparison of the 
integrated areas of an appropriate single proton from each 
of the trimer and dimer, a trimer/dimer ratio of 0.7.5 in 
the crude reaction mixture was calculated. This corresponds 
to 43% trimer and .57% dimer.(see nmr spectrum #3 of spectra-
graph section). 
The third and fourth preparations of the dimer and trimer 
of isopropyl ketene were accomplished in the same manner but 
stri'ct account was kept of all mass. 
Vacuum distillation of the products from the third reaction 
yielded three fractions, Fraction #1 was 7.8 g of a cloudy 
but colorless liquid (.5.5-.58°c, 0.90 mm) with ~;~t 5.3.5, .5.4.5, 
.5.55, and 5.85 (shoulder at .5.7.5)A_ and a refractive index 
@ 27° of 1.4365. Fraction #2 (\27: 1.43.53) consisted of 2.1 g 
of an also cloudy but colorless liquid (63-65°c, 0.82 mm) and 
yieat nnax 5.34, .5.43, .5 • .5.5, .5.8.5 (shoulder at 5.7.5), and 6.1 (weak),(\. 
Fraction #3 (i\.27: 1.4404) was 3.5 g of a liquid with 
'\ neat r\ max 5.40, 5.50, 5.62, 5.71, 5.82 and 6.lJA., and having a 
cloudy yellow appearance (120-124°c, 1.3-1.4 mm). The 
mass of the reactants recovered amounted to 102{ yield of 
triethylamine hydrochloride and 39.8% yield of distilled 
dimer and trimer. The nmr spectrum of fraction #3 was not 
easily interpreted due to_overlap of absorptions and 
16 
extensive coupling but peaks were observed at i 6.33 
(broad singlet), 7.78 (complex multiplet), 8,30 (complex 
multiplet), and a complex pattern with peaks noted at 8.83, 
8 , 86, 8.97, 9. 02, and 9.10 (see nmr spectrum #4 of spectr-
graph section). 
Vacuum distillation of the products from the fourth 
r eaction yielded five fractions. Fraction #1 (T\27. 1.4352) 
was 10 . 7 g of a colorless, clear liquid (64-74°c , 2.2-2.5 mm) 
~neat 
with rmax 5.31, 5.41, 5.55, and 5 . 82).(,, The nmr spectrum 
showed absorptions at i 5.54 (doublet of doublets, Ji= 8,5 Hz., 
J2=1.5 Hz., area 1,0), 6.34 (doublet of doublets, J1= 6 . 5 Hz,, 
J2ml . 5 Hz . , area 1.0), 7.48 (complex multiplet, J:8.0 Hz . ), 
7 .97 (complex multiplet, J=6.5 Hz.) and overlapping doublets 
centered at 9.07 with total area 15.7. (S~e nmr spectrum #5 
of spectragraph section). Fraction #2 was 0,4 g of an orange 
oil (65°c, 2.5 mm) which was largely a result of bumping. 
Fraction #3 (~27. 1,4295) was 2,1 g of a cloudy pale yellow 
1neat liquid (71-75°C , 2 . 6 mm) with rmax 5.3, 5.4, 5.5?, 5. 72 
and 5 . 81 ~· Fraction #4 (1\27: 1 . 4547 ) was 4.6 g of a clear 
ineat 
orange-yellow oil (121- 150°c , 3 . 1 mm) with tmax 5 . 53 , 5.71, 
5. 96 , and 6,08 A· Fraction #5 c,27: 1 ,4846 ) was 1 . 2 g of an 
~~t 
orange oil (165°c., 2 .4 mm) wi th /max 5. 62 , 5.72, (shoulder 
at 5.86), and 6 .08 (weak) A: The nmr spectrum of t he cr ude 
reaction mixture showed a trimer/dimer rati o of 0,69 with 
41% trimer and 59% dimer. (See nmr spectrum #6 of spectra-
graph section). Overall, 85.8% of the mass of the reactants 
was recovered: 95.6% yield. of the triethylamine hydrochloride 
and 52.9% yield of distilled trimer and dimer, 
17 
V. SPECTROSCOPIC DATA 
The infrared spectra were recorded on a Perkin-Elmer 
Infracord Spectrometer at room temperature using sodium 
chloride plates. 
The nmr spectra were traced by Mr, Art Belber at 
Franklin and Marshall College using a Varian A-60D NMR 
Spectrometer, Deutero-chloroform was used as solvent and 
tetramethyl silane was added as internal standard, The 
sweep with was a constant 500 Hz, 
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Usin~ a combination of boiling point, refractive index 
and infrared spectra, each fraction collected by vacuum 
distillation was labeled dimer or trimer and percentage 
yi e lds of each determined. The mole s of each isolated was 
also determined so that a molar ratio of trimer to dimer 
might be calculated and compared to the nmr analysis of 
the crude reaction mixture. These results are summarized 
in Tables #1 and 2, The % yields of t r imer and dimer are 
labeled "approximate" because the purity of the fractions 
was uncertain, 
The nmr spectrum of the crude reaction mixture enabled 
the calculation of an accurat e trimer/dimer ratio of i-butyl 
ketene by the following method, The spectra of the isolated 
trimer and dimer were compared to the spectrum of the mixture 
and it was observed that the single proton peak at 't.6.JO 
was a dimer absorption and the single proton peak at ~6,39 
was a trimer absorption (see spectrum #J). The integrated 
areas of these absorptions were then designated as the molar 
percentage of each formed, which may or may not be comparable 
to the amounts measured after isolation due to mechanical 
loss, difficulty in obtaining all of the higher boiling 
fractions and inability to completely accomplish separation, 
The calculation of the percentages of trimer and dimer in the 
29 
TABLE #1 
"rr1mer 1SG Ketene Approx. Approx. % yield 
Dimer theoret. % yield % yield triethyl-
Reaction total wt . yield amine 
(g) ( g;) Dimer Trimer HCl 
- ' 
1-butyl 18.1 35 . 5 30 21 104 
II sopropyl lJ . 4 JJ.7 29 10 102 
1 




From Fraction Weights From nmr Spectra 
Reaction 
Approx. Approx. Approx. 
moles moles Trimer/ '16 'f, Trimer/ 
Dimer Trimer Dimer Dimer Trimer Dimer 
!-butyl 0.057 0.026 0,45 57 43 0,75 
Isopropy: 0.059 0,014 0,24 ....- - -
l 
IsopropyJ 0.076 0.023 O.JO 59 41 o.69 
2 
JO 
isopropyl ketene reaction was more difficult because the 
spectrum of the trimer was not easily interpreted. Despite 
this, a peak that appeared to be a triplet at i 6.JO was 
actually a dimer doublet of a single proton 011erlapping 
with a trimer doub~et of a single proton, presenting the 
appearance of three peaks. The integrated area of this 
"triplet" was compared to the area of a dimer peak at 
~5.50, also the response of a single proton (see spectrum #6). 
Subtracting the area of the dimer peak from the area of 
the combined trimer and dimer peak allowed calculation of 
the percentage of each formed .• 
The nmr spectra of the ~-lactone dimers showed a 
characteristic coupling constant of J=l.5 Hz, where the 
ethylenic proton is coupled over four bonds by the single 
proton in the «- position to the carbonyl group. This is 
also reported in the case of the methyl ketene dimer to be 
J=l.5 Hz. 6 and allows some conclusions about the stereo-
chemical structure of the ~-lactone dimer to be drawn. 
Coupling over four bonds as in this case, is consistent 
with protons that are cis to the double bond, as in structure 
(1) (see next page). This is consistent with the idea 
that in the transition state (2), the protons, rather than 
the alkyl or aryl groups will be approaching each other as 
the hybridization of carbon #1 changes from sp2 (planar) 
to sp3 (tetrahedral). This orientation helps to minimize 
31 
R 
I ~o R•. 
H - 0 - c ·····c c = 0 I I H~ :·l=, H'- ' , 




the steric problems in the transition state leading to the 
dimer. 
The purpose of synthesizing £-tolyl acetyl chloride 
was to compare the effect of H = bu:UWaryl group rather 
than an alkyl group . As the synthesis of this compound 
was unsuccessful and no additional reactant could be obtained, 
the case of R = buJlwaryl group still remains to be 
investigated by future researchers. 
32 
VII. CONCLUSIONS 
The hypothesis that bulky R groups would favor the 
formation of the trimer is supported by the results. The 
tr i mer/dimer ratio for the case of R-: methyl is reported 
as 0.38-0,42. 6 The results of this experiment show that 
where R = isopropyl, the trimer/dimer ratiq increases to 
0 , 69 and to 0.75 in the case where R = 1-butyl, a bulkier 
group than isopropyl, Under similar reaction conditions, 
the reported yield of dimer for R = ~thyl is 70% and 74% 
for R = methyl. 1~ Assuming the remaining product is trimer, 
these yields may be converted to a trtmer/dimer ratio of 
0 .23 in the case of methyl and 0,29 for ethyl, This 
illustrates the same effect of decreasing dimer yields with 
increasing size of the R group, 
The weights of triethylamine hydrochloride isolated 
show that the conversion of acid chloride to ketene is 
quantitative, 
Although the dimer and trimer of isopropyl ketene were 
synthesized previously, the 1-butyl ketene trimer and 
~-lactone dimer were prepared for the first time by this 
method, Thus this method is a good synthesis for 
2 , 4 - di:t_- butyl- (3-1-butyl acetoxy)-cyclobutenone and 
1 - butyl substituted ~-lactones , provided separation (by 
a ~ood fractional distillation column) can be accomplished. 
33 
Future researchers shall attempt the isolation of the pure 
1-butyl ketene trimer as this material was isolated slightly 
contaminated with the dimer. 
Additional research concerning the mechanism of this 
reaction might study the effect of temperature, solvents, 
and aryl substituted aldoketenes on the trimer/dimer ratio. 
The possible interconversion of the ~-lactone and the cyclo-
butenone might also be studied to determine whether the 
~-lactone dimer is formed directly by polymerization or is 
formed by conversion of the initially-formed cyclobutenone 
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